It has recently been reported by Torii(1951)of this laboratory that the injection of alloxan to the rat was followed by a prompt and definite fall of the adrenal cholesterol content, especially ester cholesterol, but the levels of cholesterol in other tissues were nearly unchanged. These facts suggest strongly that there may exist an intimate relation between the initial hyperglycemia in the alloxan rat and an abnormal activity of the pituitary-adreno-cortical hormones.
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The earlier work of Long et al. (1946) has shown that the injection of adrenocorticotropic hormone of the pituitary in rats has been found to lower the cholesterol content of the adrenal glands.
The reports by Constantinides(1950) and Shephered, Smith and Longwell (1952) elucidated the relation between the carbohydrate metabolism and the activity of adrenal cortical actions on the changes of the adrenal cholesterol content.
Longwell et al. has pointed out the facts that by the exposure to cold a marked decrease of the adrenal cholesterol in fasted normal and non-fasted diabetic rats, but less so in non-fasted normal rats, and furthermore revealed that the cold exposure caused a decrease of adrenal ascorbic acid in both normal and diabetic rats without preliminary fasting.
From these results they concluded that by the measurment of the adrenal cholesterol content, the response of the adrenal gland to cold, is related to the glycogenesis of the liver.
Since depletion of adrenal cholesterol in the alloxan diabetic rats is of some interest, the author has carried out the same experiment with the use of rabbits, and has found, as described in this paper, that the adrenal cholesterol reached to the lowest level at the stage of hypoglycemia and returned to the control value at the final hyperglycemic stage.
With regard to the depletion of adrenal cholesterol in alloxan hypoglycemia, it would be interest to decide whether a large loss of adrenal cholesterol in the alloxan hypoglycemic rabbits is due to some specific effect of hypoglycemia, following the depletion of glycogen in the liver or to the specific effect of pituitaryadreno-cortical hormones.
METHOD
Male rabbits, 1.8 to 2.3kg., were used. The hypoglycemic shock were produced by the intravenous injection of alloxan(150mg.
per kg. of body weight), hydrazine sulphate (100mg. do.), guandine(300mg. do.), or insulin(2 unit do.). Blood samples were taken from the heart, and the free and total cholesterol of serum were estimated by the method of Bloor, before and after the hypoglycemic convulsion or following the injection of various hormones.
The weighed samples of various tissues were macerated with sand and the cholesterol extraction was done three times repeatedly with alcohol.
After the total cholesterol samples were saponified, either from the original or from the saponified samples, cholesterol was precipitated as its digitonide. The digitonide thus obtained was purified with petroleum ether, and further procedure was carried out by the method of Kelsey(1939) .
RESULTS
A marked depletion of adrenal cholesterol in rats after alloxan injection has been reported by Torii; it is difficult, however, to know at what stage of blood sugar does the level of cholesterol in adrenal reach to the lowest value.
To make this point clear, the present author followed the alteration of adrenal cholesterol content after the injection of alloxan, using rabbits.
Changes of Cholesterol Content in Serum and Adrenals of the Control and Alloxan Rabbits at Different Stage of Blood Sugar Levels
It is clear from Table 1 that the content of adrenal cholesterol began already to wane at the stage of initial hyperglycemia, continued to do so further, and at the hypoglycemic shock reached to the lowest value-i. e. in the total cholesterol to one half of the normal and in the ester form to one fifth of the usual value. From the lowest level it returned finally to the control value at the stage of final hyperglycemia.
The serum cholesterol figures are almost unaffected at all the stages of blood sugar levels, except at the initial hyperglycemic stage, in which slightly elevated serum cholesterol level was observed.
It would be interest to know whether the large loss of adrenal cholesterol in the alloxan rabbit at the stage of hypoglycemia is specific for the adrenals, or otherweise. Accordingly other tissues were analysed for cholesterol content. At the stage of hypoglycemia no significant change of cholesterol content in the lung, spleen or kidney was seen, while in the heart a large loss of ester cholesterol, and in the liver a small decrease of total cholesterol were observed.
Cholesterol Contents of Various Tissues at the Hypoglycemic Stage of Alloxan Rabbit
And it is also seen that at the stage of hypoglycemic shock a marked loss of ester cholesterol took place from the adrenal and the heart with little change in the other tissues.
3. Effects of Hypoglycemic shocks by Various Substances on the Cholesterol Contents of Adrenal, Liver and. Serum
The effect of hypoglycemic convulsion due to insulin, hydrazine and guanidine upon the content of cholesterol in the adrenal, liver and serum are shown in Table 3 .
The adrenal cholesterol of insulin hypoglycemic rabbit is decreased to more severe extent than the case of alloxan hypoglycemia. In contrast with this, the contents of adrenal cholesterol were remarkably increased in the guanidine or hydrazine hypoglycemic rabbits.
In these animals the levels of ester cholesterol in the liver were found to be definitely depleted, in spite of no or moderate decrease of liver cholesterol shown in the case of insulin and alloxan hypoglycemic animals.
The cholesterol figures of serum did not show any significant change, except insulin rabbits.
This experiment demonstrates that there is a large loss of cholesterol from the adrenals in the case of alloxan and insulin hypoglycemia, and a marked loss of cholesterol from the liver in the case of guanidine and hydrazine rabbits.
Effects of Pituitary-Adrenocortical Hormones on the Cholesterol Content of Adrenals, Liver and Serum in Intact Rabbits
In Table 4 we see that the cholesterol contents of adrenal in intact rabbits following the injection of ACTH or adrenalin were markedly decreased, especialy the ester form-like the hypoglycemic rabbits of insulin or of alloxan as has seen above. The level of adrenal cholesterol with the DOCA injected rabbits was lowered, but not so definitely as the case of ACTH or insulin animals. The case of cortisone or hydrocortisone, the figures of adrenal cholesterol, however, seemed to be specific that the levels of total and ester cholesterol in the adrenal were raised, while the free cholesterol diminished.
The cholesterol contents of the liver, in its ester form, showed definite falls by the injection of adrenalin and hydrocortisone.
Among those hypoglycemic substances only insulin and alloxan, and out of the pituitary-adrenocortical hormones only ACTH and adrenalin were found to be able to produce marked decreases in the adrenal cholesterol in the intact animals. From these findings, we may conclude that the change of adrenal cholesterol is not only due to some specific effect of hypoglycemia, but seems to be associated with the specific effects of pancreas, pituitary and adrenal hormones. 
CONTENT OF THE ADRENALS

Effect of Insulin Hypoglycemia and Administration of Pituitary-Adrenocortical Hormones on the Cholesterol Content of Adrenal, Liver and Serum in Alloxan Final Hyperglycemic Rabbits
Next series of experiments were carried out using the alloxan final hyperglycemic rabbits, in which the cholesterol contents of adrenal and liver were determined following the injection of insulin, adrenalin and ACTH. And the following results were obtained. It will be seen from Table 5 that at the alloxan final hyperglycemic stage, insulin, adrenalin or ACTH does not cause any definite defference in the contents of cholesterol in the adrenal from those of control rabbits(at the alloxan final hyperglycemic stage).
Another significant change was seen in the liver cholesterol, in which the ester fractions of adrenalin and ACTH treated rabbits reached to nil. Insulin also showed a marked depletion.
In contrast to these, as have seen before, insulin, adrenalin or ACTH did not show such drastic decreases in intact animals.
DISCUSSION
The hypoglycemic shocks due to alloxan and insulin depleted much cholesterol out of adrenal, and less so in the cases of ACTH and adrenalin injections, but no depletion of adrenal cholesterol was observed in the hypoglycemic shocks due to hydrazine and guanidine.
According to the report of Nakano(1951)from our laboratory, the glycogen content in the liver of hypoglycemic rabbits due to hydrazine and guanidine reached to a very low level, but the liver glycogen of alloxan or insulin rabbits was not affected by the hypoglycemia.
From these results, we assume that the depletion of adrenal cholesterol due to insulin or alloxan hypoglycemia is not associated with the depletion of glycogen in the liver, as mentioned by Longwell et al., but seems to be associated with the pituitary-adreno-cortical function.
It would be interest to find the mechanism, by which the adrenal cholesterol value is unaffected by the injection of insulin, adrenalin or ACTH at the alloxan occur by the injection of those hormones in intact animals.
For this we may suggest, firstly that the adrenal and anterior-pituitary become non-responsible to any type of stress, which stimulates those glands into activity, secondly that for the activity of adrenal glands there would be no more association with the steroid hormones at the final hyperglycemic stage of alloxan, and lastly that from the behaviour of ester cholesterol, it becomes evident that the liver responds to the stress, instead of the adrenal glands at the final hyperglycemic stage of alloxan. 2. This large loss of adrenal cholesterol at the stage of hypoglycemia of alloxan is specific for the adrenal, except the heart which showed a marked decrease in ester cholesterol.
3. More severe fall of the adrenal cholesterol was observed in the insulin hypoglycemic rabbits than in those of alloxan treated. Guanidine or hydrazine hypoglycemia caused no snch depletion of adrenal cholesterol. 4. Following the injection of ACTH or adrenalin, there appeared a marked loss of cholesterol from the adrenal in intact rabbits, as well as in the hypoglycemic rabbits of alloxan or insulin. DOCA showed a lesser response. On the other hand, cortisone and hydrocortisone showed tendencies of increase. 5. The large loss of adrenal cholesterol due to insulin or alloxan hypoglycemia is quite otherwise to the case of hydrazine or guanidine, and seems to have an intimate relation with the function of pituitary-adreno-cortical system. 6. It would be a fact of interest that a marked depletion of adrenal cholesterol were observed following the injection of insulin, adrenalin and ACTH in intact rabbits, however, no such change by the injection of these hormones was observed in alloxan hyperglycemic rabbits, but in these animals showed a large loss of ester cholesterol from the liver. This work was in part supported by the Grant in Aid for Experimental Scientific Research from the Ministry of Education.
